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CURRENT MIRROR CIRCUIT AND 
DIGITAL-TO-ANALOG CONVERSION 

CIRCUIT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Division of application Ser. No. 
12/368,678 filed Feb. 10, 2009, which is based upon and 
claims the benefit of priority from prior Japanese Patent 
Application No. 2008-032223, filed Feb. 13, 2008, the entire 
contents of both of which are incorporated herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. This invention relates to a current mirror circuit that 
copies a current in proportion to an input current and a digital 
to-analog conversion circuit using the current mirror circuit. 
0004 2. Description of the Related Art 
0005. A general current mirror circuit has a configuration 
in which the gates of a pair of MOS transistors are connected 
together and the drain and gate of one of the MOS transistors 
are connected together. In the above current mirror circuit, 
large current mismatching occurs between the input and out 
put currents due to influences of a variation in elements and 
particularly a variation in the threshold voltages of the MOS 
transistors. As a current mirror circuit that reduces the influ 
ence of a variation in the elements without enlarging the 
element area, conventionally, a degenerating resistor current 
mirror circuit having source resistors connected to the sources 
of a pair of MOS transistors is known. In the improved current 
mirror circuit, it is necessary to use the Source resistor with 
large resistance in order to attain a highly effective effect of 
reducing the degree of current mismatching. As a result, 
conventionally, a Voltage drop in the Source resistor of the 
MOS transistor becomes larger and so it becomes difficult to 
perform the low-voltage operation. 
0006. In U.S. Pat. No. 6,191,637, entitled “SWITCHED 
CAPACITORBIAS CIRCUIT FOR GENERATING AREF 
ERENCE SIGNAL PROPORTIONAL TO ABSOLUTE 
TEMPERATURE, CAPACITANCE AND CLOCK FRE 
QUENCY by Lewicki et al., the technique of realizing a 
highly precise current source that is controlled by a clock 
frequency and reference Voltage and in which a Switched 
capacitor is connected to a source side of one of a pair of MOS 
transistors configuring a current mirror pair is disclosed. 

BRIEF SUMMARY OF THE INVENTION 

0007 According to a first aspect of the invention, there is 
provided a current mirror circuit comprising: a current mirror 
pair that includes first and second MOS transistors having 
gates, drains and sources and causes a mirror current varying 
in proportion to a current flowing in the first MOS transistor 
to flow through the second MOS transistor; a first switched 
capacitor circuit connected to the source of the first MOS 
transistor, and a second Switched capacitor circuit connected 
to the source of the second MOS transistor. 
0008 According to a second aspect of the invention, there 

is provided a current mirror circuit comprising: a current 
mirror pair that includes first and second MOS transistors 
having gates, drains and Sources and causes a mirror current 
varying in proportion to a current flowing in the first MOS 
transistor to flow through the second MOS transistor; a first 
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Switch having one end and the other end, the one end being 
connected to the source of the first MOS transistor; a second 
Switch having one end and the other end, the one end being 
connected to the source of the first MOS transistor, a first 
switched capacitor circuit connected to the other end of the 
first Switch; a second Switched capacitor circuit connected to 
the other end of the second switch; a third switch having one 
end and the other end, the one end being connected to the 
source of the second MOS transistor; a fourth switch having 
one end and the other end, the one end being connected to the 
source of the second MOS transistor; a third switched capaci 
tor circuit connected to the other end of the third switch; and 
a fourth switched capacitor circuit connected to the other end 
of the fourth switch. 

0009. According to a third aspect of the invention, there is 
provided a digital-to-analog conversion circuit comprising: a 
first MOS transistor having a gate, drain and source: an opera 
tional amplifier that has an inverted input node, non-inverted 
input node and output node and in which the inverted input 
node is Supplied with a reference Voltage and the non-inverted 
input node and output node are respectively connected to the 
drain and gate of the first MOS transistor; a first resistor 
connected between a first power source Voltage node and the 
drain of the first MOS transistor; a plurality of second MOS 
transistors having gates, drains and sources, the gates being 
connected to the gate of the first MOS transistor and the 
second MOS transistors configuring a plurality of current 
mirror pairs together with the first MOS transistor; a first 
switched capacitor circuit connected between the source of 
the first MOS transistor and a second power source voltage 
node; a plurality of second Switched capacitor circuits con 
nected between the sources of the plurality of second MOS 
transistors and the second power source Voltage node; a sec 
ond resistor having one end and the other end, the one end 
being connected to the first power source Voltage node and the 
other end being connected to a first analog Voltage output 
node; a third resistor having one end and the other end, the one 
end being connected to the first power source Voltage node 
and the other end being connected to a second analog Voltage 
output node; and a plurality of Switching circuits that are 
respectively connected between the first and second analog 
Voltage output nodes and the drains of the plurality of second 
MOS transistors and permit currents flowing through the 
plurality of second MOS transistors to flow through one of the 
first and second analog Voltage output nodes that are selec 
tively switched based on plural-bit digital signals. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0010 FIG. 1 is a circuit diagram showing the configura 
tion of a current mirror circuit according to a first embodiment 
of this invention; 
0011 FIG. 2 is a circuit diagram showing the configura 
tion of a conventional current mirror circuit; 
0012 FIGS. 3A to 3E are waveform diagrams showing 

first simulation results obtained by performing Monte Carlo 
analysis for the conventional circuit of FIG. 2 and the circuit 
of the first embodiment to run simulations; 
0013 FIGS. 4A to 4E are waveform diagrams showing 
second simulation results obtained by performing Monte 
Carlo analysis for the conventional circuit of FIG. 2 and the 
circuit of the first embodiment to run simulations; 
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0014 FIG. 5 is a circuit diagram showing the configura 
tion of a current mirror circuit according to a second embodi 
ment of this invention; 
0015 FIGS. 6A to 6E are waveform diagrams showing 
second simulation results obtained by performing Monte 
Carlo analysis for the conventional circuit of FIG. 2 and the 
circuit of the second embodiment to run simulations; 
0016 FIG. 7 is a circuit diagram showing the configura 
tion of a current mirror circuit according to a modification of 
the first embodiment; 
0017 FIG. 8 is a circuit diagram showing the configura 
tion of a current mirror circuit according to a modification of 
the second embodiment; and 
0018 FIG. 9 is a circuit diagram showing the configura 
tion of a digital-to-analog conversion circuit according to a 
third embodiment of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0019. There will now be described embodiments of the 
present invention with reference to the accompanying draw 
ings. 

First Embodiment 

0020 FIG. 1 is a circuit diagram showing the configura 
tion of a current mirror circuit according to a first embodiment 
of the present invention. The gates of one pair of N-channel 
MOS transistors 11, 12 are connected together and the drain 
and gate of the MOS transistor 11 are connected together to 
configure a current mirror pair 10 that causes a current (input 
current) flowing through the MOS transistor 11 to flow as a 
mirror current (output current) into the MOS transistor 12 
according to a preset ratio. The mirror current ratio that is an 
input/output current ratio in the current mirror pair 10 is 
determined by the dimensional ratio of the MOS transistors 
11, 12, for example, the ratio of the channel widths W of the 
transistors when the channel lengths L are set to the same 
value. An input current Source 13 is connected between a node 
of power source voltage VDD and the drain of the input-side 
MOS transistor 11 of the current mirror pair 10 and a voltage 
source 14 is connected to the drain of the output-side MOS 
transistor 12. When the current mirror circuit is used in com 
bination with another circuit, a load circuit to which an output 
current of the current mirror circuit is Supplied is connected 
instead of the Voltage source 14. 
0021 Switched capacitor circuits 15, 16 are respectively 
connected between the sources of the MOS transistors 11, 12 
and the ground Voltage node. The Switched capacitor circuit 
15 includes a capacitor 17 and a switch 18 connected in 
parallel with the capacitor 17. The switch 18 is on/off-con 
trolled in Synchronism with a clock signal CK of a preset 
cycle. Likewise, the Switched capacitor circuit 16 includes a 
capacitor 19 and a switch 20 connected in parallel with the 
capacitor 19. The switch 20 is also on/off-controlled in syn 
chronism with the clock signal CK. That is, both of the 
switches 18 and 20 are on/off-controlled on the same cycle 
with the same phase. 
0022. For example, the switches 18, 20 may be configured 
by independent N-channel or P-channel MOS transistors, or 
analog Switches configured by connecting N-channel and 
P-channel MOS transistors in parallel. In this example, the 
switch is configured by, for example, an N-channel MOS 
transistor that is gate-controlled by a clock signal CK. The 
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capacitance ratio of the capacitors 17 and 19 is set to the same 
value as the mirror current ratio of the current mirror pair 10. 
0023. In the current mirror circuit of FIG. 1, the capacitors 
17, 19 are charged for a preset period by currents respectively 
flowing through the paired MOS transistors 11, 12 configur 
ing the current mirror pair when the clock signal CK is low 
and the switches 18, 20 in the switched capacitor circuits 15, 
16 are both off. On the other hand, when the clock signal CK 
is high and the switches 18, 20 are both on, neither of the 
capacitors 17, 19 is charged. That is, each of the switched 
capacitor circuits 15, 16 equivalently acts as a resistor having 
large resistance and has the same function as the source 
resistor of the conventional circuit. 
0024 Now, the characteristics of the conventional circuit 
and the circuit of the above embodiment are considered. FIG. 
2 shows the configuration of a conventional degenerating 
resistor current mirror circuit having source resistors. As 
described before, the circuit of FIG. 2 has a configuration in 
which source resistors 21, 22 are respectively connected to a 
pair of MOS transistors 11, 12 configuring a current mirror 
pair. 
0025. In the circuit of FIG. 2, it is supposed that the trans 
fer conductance of the current mirror pair is Gm., the gate 
potential of the MOS transistor 12 is VG, the source potential 
is VS, the resistance of each of the source resistors 21, 22 is R 
and an output current is IOUT on the assumption that there is 
no difference between the threshold voltages of the MOS 
transistors 11 and 12. Then, IOUT is given by the following 
equation 1. 

IOUT = Gn(VG - VS) (1) 

= Gn(VG-R: IOUT) 

Gn 
RGm + 1 WG 

0026. In this case, if the threshold voltages of the MOS 
transistors 11, 12 vary and the threshold voltage Vth 12 of the 
MOS transistor 12 is higher by AVth than the threshold volt 
age Vth 11 of the MOS transistor 11 (Vth 12=Vth 11+AVth), 
IOUT" is given by the following equation 2. 

2 
IOUT = (VG-AVth) (2) 

RGm + 1 

Gn Gn 
WG- AWith 

RGm + 1 RGm + 1 

0027. Inequation 2, the first term of the right side indicates 
IOUT obtained when no difference occurs in the threshold 
Voltage and the second term indicates a variation in the output 
current caused when a variation in the threshold Voltage 
OCCU.S. 

0028. On the other hand, in the circuit of this embodiment 
shown in FIG. 1, it is supposed that the transfer conductance 
of the current mirror pair is Gm., the capacitance of the capaci 
tors 17, 19 is C, the gate potential and the source potential of 
the MOS transistor 12 on the output side are respectively set 
to VG and VS(t) and an output current is IOUT(t) on the 
assumption that there is no difference between the threshold 
voltages of the MOS transistors 11 and 12. Then, VS(t) is 
given by equation 3, below. In the circuit of this embodiment 
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shown in FIG. 1, since the switches 18, 20 are on/off-con 
trolled, the output current and the source potential of the MOS 
transistors 12 are expressed by a function of time. Further, 
IOUT(t) is given by the equation 4, below, which is derived 
from equation 3. 

1 ft2 (3) 
VS(t) = IOUT(t)dt 

C t 

IOUT(t) = Gn(VG - VS(t)) (4) 

Gn WG 
T vepom.At f C 

0029. In this case, if the threshold voltages of the MOS 
transistors 11, 12 vary and the threshold voltage Vth 12 of the 
MOS transistor 12 is higher by AVth than the threshold volt 
age Vth 11 of the MOS transistor 11 (Vth 12=Vth 11+AVth), 
IOUT (t) is given by the following equation 5. 

5 
IOUT(t) = - (VG-AVth) (5) XepGmAt f C 

= - " -VG Pi—AVth T vepomAt / C XepGmAt f C 

0030 Inequation5, the first term of the right side indicates 
an output current when no difference occurs in the threshold 
Voltage and the second term indicates a variation in the output 
current when a variation in the threshold Voltage occurs. 
0031. In this case, if At/C is selected to set up the equation 
of At/C-R (R indicates the resistance of each of the source 
resistors in the circuit of FIG. 2), a value corresponding to 
RGm in equation 2 becomes a multiplier of a natural loga 
rithm of RGm in equation 5. That is, in the circuit of the 
present embodiment of FIG. 1, Gm appears to be markedly 
reduced in comparison with that of the circuit of FIG. 2. As a 
result, even if At/C is set Small (the operating point corre 
sponding to the Voltage value of VS is reduced), the effect of 
markedly reducing the variation in the output current IOUT(t) 
can be attained. That is, even if the power source voltageVDD 
is reduced, a variation in the output current based on a varia 
tion in the threshold voltage can be markedly reduced. 
0032 That is, in the circuit of this embodiment, the 
switched capacitor circuits 15, 16 configured by the capaci 
tors 17, 19 and the switches 18, 20 are connected instead of 
the Source resistors in the conventional circuit. Then, it 
becomes possible to attain the negative feedback effect 
capable of markedly reducing the transfer conductance of the 
current mirror circuit by use of equivalent large resistances 
determined by charging the capacitors 17, 19 for a preset 
period by currents of the current mirror circuit itself. As a 
result, a highly precise current mirror circuit in which current 
mismatching between the input and output currents can be 
markedly reduced can be attained even if the Supply Voltage is 
low. 

0033. The result of simulations of the output currents 
attained by performing Monte Carlo analysis in the circuit of 
FIG. 2 and the circuit of this embodiment is explained. In the 
first simulation, the operating points of the circuit of FIG. 2 
and the circuit of this embodiment are equally set. In this case, 
it is Supposed that a variation in the elements occurs only in 
the MOS transistors and the other elements, that is, resistors, 
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capacitors and Switches are all ideal elements. At this time, 
the power source voltage VDD is set at 2.5V, the current value 
of the input current source 13 is set to 10 LA, the voltage of the 
Voltage source 14 is set to the same Voltage as VG, the resis 
tance R of each of the source resistors 21, 22 in the circuit of 
FIG. 2 is set to 50 kS2, the capacitance C of each of the 
capacitors 17, 19 of this embodiment is set to 250 ft and the 
frequency of the clock signal CK is set to 40 MHz. 
0034. In the circuit of FIG. 2, the source voltage VS of the 
transistor 12 is set to 50 kS2x10 LA=0.5V by setting the input 
current to 10 LA and setting the resistance R to 50 kS2. On the 
other hand, in the circuit of this embodiment, the maximum 
value VS(max) of the source voltage VS(t) of the transistor 12 
is set to 10 LA/(250 fix2x40 MHz)=0.5V by setting the 
capacitance C to 250 fF and setting the clock frequency to 40 
MHz. Thus, the operating points of the circuits of FIGS. 1 and 
2 are set equal to each other at 0.5V. 
0035 FIGS. 3A to 3E show first simulation results. The 
abscissa indicates time and the ordinate indicates Voltage or 
current. FIG. 3A shows the clock signal CK used to control 
the switches 18, 20. Since the switches 18, 20 are configured 
by N-channel MOS transistors, the switches 18, 20 are both 
off when the clock signal is low (OV) and both on when the 
clock signal is high (2.5V). FIG. 3B shows the simulation 
results of the source voltage VS of the MOS transistor 12 in 
the circuit of FIG. 2 that is the conventional circuit and the 
source voltage VS(t) of the MOS transistor 12 in the circuit of 
this embodiment shown in FIG.1. The operating points of the 
above two circuits are set equal to each other immediately 
before the clock signal CK goes high. FIG. 3C shows the 
result of Monte Carlo analysis of an output current IOUT1 in 
a general current mirror circuit configured only by a pair of 
MOS transistors for reference. FIG. 3D shows the result of 
Monte Carlo analysis of an output current IOUT2 in the 
circuit of FIG. 2. Further, FIG.3E shows the result of Monte 
Carlo analysis of an output current IOUT3 in the circuit of this 
embodiment shown in FIG. 1. 

0036. The results of derivation of mean values and stan 
dard deviations (Sigma) as the statistical characteristics of the 
output currents shown in FIGS. 3C to 3E are shown in the 
following Table 1. However the statistical characteristics of 
FIG. 3E is measured at the measurement point shown by the 
dotted circle in FIG. 3E. 

TABLE 1 

IOUT Mean (LA) Sigma (LA) 

IOUT1 10.219 1.252 
IOUT2 1O.OOS O.098 
IOUT3 9.873 O.OO)4 

0037. It is clearly understood from the Table 1 that a cur 
rent variation (Sigma) in the output current IOUT3 of the 
circuit of this embodiment in FIG. 1 is reduced to approxi 
mately /20 that in the output current IOUT2 of the circuit of 
FIG. 2 although the operating points of the circuits of FIGS. 
1 and 2 are set equal to each other at 0.5V. 
0038 Next, a second simulation result is explained. In the 

first simulation, a current variation occurring in the output 
current when the operating points of the circuits of FIGS. 1 
and 2 are set equal to each other is analyzed. On the other 
hand, in the second simulation, the operating point in a con 
dition in which current variations in the output currents are set 
equal to each other is analyzed. Also, in this case, it is Sup 
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posed that a variation in the elements occurs only in the MOS 
transistors and the other elements are all ideal elements. Fur 
ther, at this time, the power source voltage VDD is set at 2.5V. 
the current value of the input current source 13 is set to 10 LA, 
the Voltage of the Voltage source 14 is set to the same Voltage 
as VG, the resistance R of each of the source resistors 21, 22 
in the circuit of FIG. 2 is set to 50 kS2, the capacitance C of 
each of the capacitors 17, 19 of this embodiment is set to 1 ff 
and the frequency of the clock signal CK is set to 40 MHz. 
0039. In the circuit of FIG. 2, the source voltage VS of the 
transistor 12 is set to 0.5V by setting the input current to 10 LA 
and setting the resistance R to 50 kS2. On the other hand, in 
this embodiment, the maximum value VS(max) of the source 
voltage VS(t) of the transistor 12 is set to 10 LA/(1 ffx2x40 
MHz)=0.125 V by setting the capacitance C to 1 fF and setting 
the clock frequency to 40 MHz. 
0040 FIGS. 4A to 4E show second simulation results. 
Like the case of FIG. 3, the abscissa indicates time and the 
ordinate indicates voltage or current. FIG. 4A shows the clock 
signal CKused to control the switches 18, 20. FIG. 4B shows 
the simulation results of the source voltage VS of the MOS 
transistor 12 in the circuit of FIG. 2 and the source voltage 
VS(t) of the MOS transistor 12 in the circuit of this embodi 
ment shown in FIG. 1. As shown in FIG. 4B, the operating 
point of the circuit of FIG. 2 is set to 0.5V. However, in the 
circuit of this embodiment of FIG. 1, the operating point is set 
to the maximum value and becomes 0.125 V immediately 
before the clock signal CK goes high. FIG. 4C shows the 
result of Monte Carlo analysis of an output current IOUT1 in 
a general current mirror circuit configured only by a pair of 
MOS transistors for reference. FIG. 4D shows the result of 
Monte Carlo analysis of an output current IOUT2 in the 
circuit of FIG. 2. Further, FIG. 4E shows the result of Monte 
Carlo analysis of an output current IOUT3 in the circuit of this 
embodiment shown in FIG. 1. 

0041. The results of derivation of mean values and stan 
dard deviations (Sigma) as the statistical characteristics of the 
output currents shown in FIGS. 4C to 4E are shown in the 
following Table 2. However the statistical characteristics of 
FIG. 4E is measured at the measurement point shown by the 
dotted circle in FIG. 4E. 

TABLE 2 

IOUT Mean (LA) Sigma (LA) 

IOUT1 10.219 1.252 
IOUT2 1.O.OOS O.098 
IOUT3 9.873 O.O70 

0042. As shown in the Table 2, the current variation 
(Sigma) of the output current IOUT3 of the circuit of this 
embodiment shown in FIG. 1 is approximately equal to that of 
the output current IOUT2 of the circuit of FIG.2. However, as 
shown in FIG. 4B, the operating point (VS(t)) of the circuit of 
this embodiment shown in FIG. 1 can be reduced to 0.125 V in 
comparison with the operating point (VS) 0.5V of the circuit 
of FIG. 2. That is, the circuit of this embodiment shown in 
FIG. 1 is operated on Voltage that is approximately equal to 4 
that of the circuit of FIG. 2 and, as a result, the reduced 
Voltage operation can be performed in the circuit of this 
embodiment in comparison with the circuit of FIG. 2. 
0043. The current mirror circuit of this embodiment 
includes the current mirror pair 10 that includes the first and 
second MOS transistors 11, 12 having gates, drains and 

Dec. 23, 2010 

Sources and causes a mirror current varying in proportion to a 
current flowing in the first MOS transistor 11 to flow through 
the second MOS transistor 12, the first switched capacitor 
circuit 15 connected to the source of the first MOS transistor 
11, and the second switched capacitor circuit 16 connected to 
the source of the second MOS transistor 12. 
0044) With the above configuration, the degree of mis 
matching of the input and output currents can be Suppressed 
to approximately /20 that of the conventional circuit when the 
above circuit is operated at the same operating point as that of 
the circuit of FIG. 2. Further, when the above circuit is oper 
ated to set the degree of current mismatching equal to that of 
the circuit of FIG. 2, the operating point can be set lower than 
that of the circuit of FIG. 2. As a result, a highly effective 
effect of reducing the degree of mismatching of the input and 
output currents can be attained in comparison with that of the 
circuit of FIG. 2 and the low-voltage operation can be real 
ized. 

Second Embodiment 

0045. Next, a second embodiment of the present invention 
in which a period in which a variation occurring in the output 
current is reduced can be attained in both phases of a clock 
signal CK is explained with reference to FIG. 5. In a current 
mirror circuit of this embodiment, two sets of switched 
capacitor circuits having the same configuration as that of the 
switched capacitor circuit added in the circuit of the embodi 
ment shown in FIG. 1 are respectively prepared for two MOS 
transistors 11, 12 configuring a current mirror pair 10. The 
two sets of switched capacitor circuits are selectively 
switched by use of switches to attain the effect of reducing a 
current variation in both periods in which the clock signal CK 
is high and low. In FIG. 5, portions that are the same as those 
of FIG. 1 are denoted by the same symbols and the explana 
tion thereof is omitted. 
0046. Two sets of switched capacitor circuits 15, 15B with 
the same configuration as that of the Switched capacitor cir 
cuit 15 of FIG. 1 are connected to the MOS transistor 11 that 
is one of the pair of N-channel MOS transistors 11 and 12 
configuring the current mirror pair 10. Likewise, two sets of 
switched capacitor circuits 16, 16B with the same configura 
tion as that of the switched capacitor circuit 16 of FIG. 1 are 
connected to the other MOS transistor 12. Like the case of 
FIG. 1, capacitances 17, 19 of the switched capacitor circuits 
15, 15B and 16, 16B are set to the same value. 
0047. The switched capacitor circuits 15, 15B are con 
nected to the source of the MOS transistor 11 via Switches 21, 
22, respectively. The switch 21 is on/off-controlled in syn 
chronism with a clock signal CKB (CKB is an inverted signal 
of CK) of a preset cycle and the other switch 22 is on/off 
controlled in synchronism with clock signal CK of the preset 
cycle. 
0048. The switched capacitor circuits 16, 16B are con 
nected to the source of the MOS transistor 12 via Switches 23, 
24, respectively. The switch 23 is on/off-controlled in syn 
chronism with the clock signal CKB of the preset cycle and 
the other switch 24 is on/off-controlled in synchronism with 
the clock signal CK of the preset cycle. 
0049. The switches 18, 20 of the switched capacitor cir 
cuits 15B, 16B are on/off-controlled in synchronism with the 
clock signals CK and CKB. 
0050. In the circuit of this embodiment, the switches 21, 
23 are both on while the clock signal CKB is high (the clock 
signalCK is low) to respectively connect the Switched capaci 
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tor circuits 15, 16 to the sources of the pair of MOS transistors 
11, 12 and thus the switched capacitor circuits 15, 16 equiva 
lently function as resistors having large resistances. Further, 
the switches 22, 24 are both on while the clock signal CK is 
high (the clock signal CKB is low) to respectively connect the 
switched capacitor circuits 15B, 16B to the sources of the pair 
of MOS transistors 11, 12 and thus the switched capacitor 
circuits 15B, 16B equivalently function as resistors having 
large resistances. 
0051. Now, the results obtained by performing Monte 
Carlo analysis for the circuit of FIG. 2 and the circuit of the 
this embodiment and simulating output currents are 
explained. In this simulation, the operating points of the cir 
cuit of FIG. 2 and the circuit of this embodiment are set to the 
equal value. In this case, it is Supposed that a variation in the 
elements occurs only in the MOS transistors and the other 
elements, that is, resistors, capacitors and Switches are all 
ideal elements. At this time, the power source voltage VDD is 
set at 2.5V, the current value of the input current source 13 is 
set to 10 LA, the voltage of the voltage source 14 is set to the 
same voltage as VG, the resistance R of each of the source 
resistors 21, 22 in the conventional circuit is set to 50 kS2, the 
capacitance C of each of the capacitors 17, 19 of this embodi 
ment is set to 250 fF and the frequencies of the clock signals 
CK, CKB are each set to 40 MHz. 
0052. In the circuit of FIG. 2, the source voltage VS of the 
transistor 12 is set to 50 k$2x10 LA=0.5V by setting the input 
current to 10 LA and setting the resistance R to 50 kS2. On the 
other hand, in the circuit of this embodiment, the maximum 
value VS(max) of the source voltage VS(t) of the transistor 12 
is set to 10 LA/(250 fRx2x40 MHz)=0.5V by setting the 
capacitance C to 250 fF and setting the clock frequency to 40 
MHz. Thus, the operating points of the circuits of FIGS.5 and 
2 are set equal to each other at 0.5V. 
0053 FIGS. 6A to 6E show the simulation results. The 
abscissa indicates time and the ordinate indicates Voltage or 
current. FIG. 6A shows a clock signal CK used to control the 
switches 18, 20 and 21 to 24. When the clock signal CK is low 
(OV), the switches 21, 23 are on and the switches 18, 20 of the 
switched capacitor circuits 15, 16 are off. Further, when the 
clock signal is high (2.5V), the switches 22, 24 are on and the 
switches 18, 20 of the switched capacitor circuits 15B, 16B 
are off. FIG. 6B shows the simulation results of the source 
voltage VS of the MOS transistor 12 in the circuit of FIG. 2 
and the source voltage VS(t) of the MOS transistor 12 in the 
circuit of this embodiment shown in FIG. 5. The operating 
points of the above two circuits are set approximately equal to 
each other immediately before the clock signal CK goes high 
and immediately before the clock signal CK goes low. FIG. 
6C shows the result of Monte Carlo analysis of an output 
current IOUT1 in a general current mirror circuit configured 
only by a pair of MOS transistors for reference. FIG. 6D 
shows the result of Monte Carlo analysis of an output current 
IOUT2 in the circuit of FIG. 2. Further, FIG. 6E shows the 
result of Monte Carlo analysis of an output current IOUT3 in 
the circuit of this embodiment shown in FIG. 5. 
0054. In the circuit of this embodiment, the same effect as 
that of the first embodiment can be attained and the degree of 
mismatching of the input and output currents can be reduced 
not only while the clock signal is low but also while it is high. 

Modifications of First and Second Embodiments 

0055. In the first and second embodiments, a case wherein 
the current mirror pair is configured by the N-channel MOS 
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transistors is explained. However, the current mirror pair may 
be configured by P-channel MOS transistors. FIG. 7 shows a 
current mirror circuit according to a modification of the first 
embodiment by configuring a current mirror pair 30 with 
P-channel MOS transistors 31, 32. When the current mirror 
pair is configured by using the P-channel MOS transistors, an 
input current source 33 is connected between the drain of the 
MOS transistor 31 and the ground voltage node. A voltage 
source 34 is connected between the drain of the MOS tran 
sistor 32 and the ground voltage node. Further, switched 
capacitor circuits 35, 36 are respectively connected between 
the sources of the MOS transistors 31, 32 and the node of the 
power source voltage VDD. The switched capacitor circuits 
35, 36 are configured by capacitors 37.39 and switches 38,40 
respectively connected in parallel with the capacitors 37, 39. 
In this case, the switches 38, 40 may be configured by using 
P-channel MOS transistors as in the current mirror pair 30, 
N-channel MOS transistors as described before or analog 
Switches configured by connecting N-channel and P-channel 
MOS transistors in parallel. The capacitance ratio of the 
capacitors 37 and 39 is set to the same value as the mirror 
current ratio of the current mirror pair 30. 
0056. Like the modification of the first embodiment, the 
current mirror pair of the second embodiment can be config 
ured by using P-channel MOS transistors. FIG. 8 shows a 
modification of the second embodiment in which the current 
mirror pair 30 is configured by using P-channel MOS tran 
sistors 31, 32. Portions denoted by symbols of thirty some 
thing in FIG. 8 correspond to portions denoted by symbols of 
ten something in FIG. 5 and portions denoted by symbols of 
forty something in FIG. 8 correspond to portions denoted by 
symbols of twenty something in FIG. 5, and therefore, the 
detailed explanation thereof is omitted. 

Third Embodiment 

0057 FIG. 9 is a circuit diagram showing the configura 
tion of a third embodiment to which this invention is applied 
to a digital-to-analog conversion circuit using to a current 
mirror circuit. The digital-to-analog conversion circuit of this 
embodiment includes an N-channel MOS transistor 51, 
operational amplifier 52, first resistor 53, second resistor 59. 
third resistor 61, a plurality of N-channel MOS transistors 54, 
a plurality of switched capacitor circuits 57 and a plurality of 
Switching circuits 62. 
0058. The operational amplifier 52 has an inverted input 
node, non-inverted input node and output node, reference 
voltage VREF is supplied to the inverting input node, and the 
non-inverting input node and output node are respectively 
connected to the drain and gate of the MOS transistor 51. The 
first resistor 53 is connected between the node of power 
source voltage VDD and the drain of the MOS transistor 51. 
The gates of the N-channel MOS transistors 54 are commonly 
connected to the gate of the MOS transistor 51 and respec 
tively configure current mirror pairs together with the MOS 
transistor 51. Each of the switched capacitor circuits 57 is 
configured by a capacitor 55 and a switch 56 that is connected 
in parallel with the capacitor 55 and on/off-controlled by a 
clock signal CK. The switched capacitor circuits 57 are con 
nected between the source of the MOS transistor 51 and the 
ground Voltage node and between the Sources of the N-chan 
nel MOS transistors 54 and the ground voltage node. The 
second resistor 59 is connected at one end to the node of the 
power source voltage VDD and connected at the other end to 
a first analog voltage output node 58. The third resistor 61 is 
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connected at one end to the node of the power source Voltage 
VDD and connected at the other end to a second analog 
voltage output node 60. The switching circuits 62 are con 
nected between the first and second analog Voltage output 
nodes 58, 60 and the drains of the respective MOS transistors 
54. The switching circuits 62 cause currents flowing through 
the MOS transistors 54 to selectively flow into the first and 
second analog Voltage output nodes 58, 60 according to plu 
ral-bit complementary digital signals SW0, /SW0 . . . SWn, 
/SWn, SWn+1, /SWn+1. As shown in FIG. 9, for example, 
each of the Switching circuits 62 is configured by an N-chan 
nel MOS transistor whose gate is supplied with a signal SWi 
(i=0 to n+1) that is one of the complementary digital signals 
and an N-channel MOS transistor whose gate is supplied with 
the other signal /SWi. 
0059. The basic operation of the digital-to-analog conver 
sion circuit of FIG. 9 is as follows. That is, it is controlled to 
causea constant current IREF corresponding to the resistance 
of the first resistor 53 and reference voltage VREF to flow 
through the first resistor 53 by the feedback operation of the 
operational amplifier 52, and the current IREF is input to the 
MOS transistor 51 as an input current. Currents correspond 
ing to the mirror current ratios of the respective current mirror 
pairs are made to flow through the MOS transistors 54 that 
configure the current mirror pairs together with the MOS 
transistor 51. For example, the mirror current ratios of the 
current mirror pairs are all set to the same value. The currents 
flowing through the respective MOS transistors 54 are selec 
tively switched by the switching circuits 62 according to the 
plural-bit complementary digital signals SW0, /SW0 . . . 
SWn, /SWn, SWn+1, /SWn+1 and are permitted to selec 
tively flow through one of the first and second analog Voltage 
output nodes 58, 60. Then, analog voltages OUTP, OUTN 
corresponding to the total sum of the currents flowing through 
the second, third resistors 59, 61 and the resistances of the 
second, third resistors 59, 61 are output from the first and 
second analog voltage output nodes 58, 60. 
0060. The switched capacitor circuits 57 are respectively 
connected to the sources of the MOS transistor 51 and the 
MOS transistors 54 that configure the current mirror pairs 
together with the MOS transistor 51. Like the switched 
capacitor circuits in the first and second embodiments and the 
modifications thereof, each of the switched capacitor circuits 
57 equivalently functions as a Source resistor. As a result, in 
the digital-to-analog conversion circuit of this embodiment, 
the low-voltage operation can be realized, a current variation 
can be suppressed and a digital-to-analog conversion opera 
tion can be performed with high precision. 
0061. This invention is not limited to the above embodi 
ments and can be variously modified without departing from 
the technical scope thereof at the embodying stage. Further, 
inventions of various stages are contained in the above 
embodiments and various inventions can be extracted by 
adequately combining a plurality of constituents disclosed. 
For example, if the problem described in the item of “problem 
to be solved by this invention' can be solved and the effect 
described in the item of “effect of this invention' can be 
obtained even when some constituents are omitted from all of 
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the constituents indicated in the embodiments, the configu 
ration from which the above constituents are omitted can be 
extracted as the invention. 
What is claimed is: 
1. A digital-to-analog conversion circuit comprising: 
a first MOS transistor having a gate, drain and Source: 
an operational amplifier that has an inverted input node, 

non-inverted input node and output node and in which 
the inverted input node is supplied with a reference 
Voltage and the non-inverted input node and output node 
are respectively connected to the drain and gate of the 
first MOS transistor; 

a first resistor connected between a first power source 
voltage node and the drain of the first MOS transistor; 

a plurality of second MOS transistors having gates, drains 
and sources, the gates being connected to the gate of the 
first MOS transistor and the second MOS transistors 
configuring a plurality of current mirror pairs together 
with the first MOS transistor; 

a first switched capacitor circuit connected between the 
source of the first MOS transistor and a second power 
Source Voltage node; 

a plurality of second Switched capacitor circuits connected 
between the sources of the plurality of second MOS 
transistors and the second power source Voltage node; 

a second resistor having one end and the other end, the one 
end being connected to the first power source Voltage 
node and the other end being connected to a first analog 
Voltage output node; 

a third resistor having one end and the other end, the one 
end being connected to the first power source Voltage 
node and the other end being connected to a second 
analog Voltage output node; and 

a plurality of Switching circuits that are respectively con 
nected between the first and second analog Voltage out 
put nodes and the drains of the plurality of second MOS 
transistors and permit currents flowing through the plu 
rality of second MOS transistors to flow through one of 
the first and second analog Voltage output nodes that are 
Selectively Switched based on plural-bit digital signals. 

2. The digital-to-analog conversion circuit according to 
claim 1, wherein the first MOS transistor and the plurality of 
second MOS transistors are N-channel MOS transistors. 

3. The digital-to-analog conversion circuit according to 
claim 1, wherein the first switched capacitor circuit includes 
a first capacitor and a first Switch connected in parallel with 
the first capacitor, and each of the plurality of second 
Switched capacitor circuits includes a second capacitor and a 
second Switch connected in parallel with the second capaci 
tOr. 

4. The digital-to-analog conversion circuit according to 
claim 3, wherein the first Switch is a switch that is on/off 
controlled on a preset cycle, and the second Switch is a Switch 
that is on/off-controlled on the same cycle as the first switch 
and in the same phase as the first Switch. 

5. The digital-to-analog conversion circuit according to 
claim 3, whereincapacitances of the first and second capaci 
tors are set to the same value. 

c c c c c 


